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24.  A.  van  der  Ziel,  "The  experimental  verification  of  Handel's  expression  for 
the  Hooge  parameter,"  Solid  State  Electronics,  31,  1205  (1988). 

Based  on  paper  #18,  puts  chief  emphasis  on  the  experimental  verification  of 
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noise  process,"  J,  Applied  Physics  July  1988,  907,  (1988) 

Shows  that  the  Hooge  parameter  varies  as  the  square  of  the  device  length  L 
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characterization  of  n+-p  and  n-i-p  Hgi_xCdxTe  detectors,  J.  Vac.  Sci 
Technology,  A-7,  550  (1989). 
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SECONDARY  EMISSION  1/f  NOISE  REVISITED* 
by  A.  van  der  Ziel,  P.  Fang  and  A.  D.  van  Rheenen 


Abstract 


Fang  and  van  der  Ziel's  analysis  of  secondary  emission  1/f  noise  in 
secondary  emission  pentodes  is  extended  to  16  individual  data  points.  It  is 
found  that  by  proper  choice  of  the  secondary  electron  path  length  d^j^,  good 
agreement  between  the  experimental  values  of  the  Hooge  parameter  and  the 
theoretical  values  predicted  by  Handel's  quantum  1/f  noise  theory  is  obtained 
for  14  data  points.  Handel's  equations  for  the  Hooge  parameter  of  the  tubes 
thus  seem  to  have  heuristic  validity.  The  values  of  the  secondary  electron  path 
length  d^g  differ  somewhat  from  tube  to  tube  and  may  also  depend  slightly  on 
bias;  these  effects  are  attributed  to  the  electron-optical  system  formed  by 
screen  grid,  dynode  and  anode. 

*  Accepted  for  publication  in  Journal  of  Applied  Physics. 


EXTENSIONS  OF  HANDEL'S  1/f  NOISE  EQUATIONS  AND  THEIR  SEMICLASSICAL  THEORY** 
by  A.  van  der  Ziel,  A.  D  van  Rheenen,  and  A.  N.  Birbas 


Abstract 

By  repi^cing  the  change  in  velocity  Av  bv  the  low  frequency  Fourier 
transform  F(o)  of  the  electron  acceleration  a(t),  Handel's  equations  for  the 
Hooge  parameter  oh  are  put  in  equivalent  forms  that  are  not  only  applicable  to 
collision  1/f  noise  in  semiconductors  but  also  to  acceleration  1/f  noise  in  long 
devices.  When  the  power  spectrum  Sp(f)  of  the  emitted  Bremsstrahlung  is 
evaluated,  it  contains  already  the  two  terms  (q/e)^  and  |F(o)  Vc^  found  in 
Handel's  extended  expressions  for  the  Hooge  parameter  Going  over  to 
elementary  events  and  defining  the  spectrum  of  the  quantum  emission  rate  Sq(f) 
per  elementary  event  by  the  equation  Sq(f)  =  Sp(f )/[hfTa],  where  is  the 
duration  of  the  Bremsstrahlung  pulse,  the  expression  also  contains  the  factor 
4aQ/(3ir)  found  in  Handel's  expression  for  a^.  It  thus  seems  that  the  Hooge 
parameter  depends  only  on  the  Bremsstrahlung  emission  process  but  not  on  the 
details  of  the  electron-photon  interaction.  This  may  explain  why  Handel's 
expressions  for  so  often  agree  with  experiment.  Introducing  the  current 
spectrum  Si(f)  =  Si(f)/X  per  elementary  event  where  X  =  N/xg  and  N  the  number 
of  carriers,  and  bearing  in  mind  that  Si(f)  and  Sq(f)  come  from  the  same  quantum 
process  and  are  therefore  proportional,  it  is  highly  likely  that  the 
proportionality  factor  corresponds  to  the  shot  noise  of  an  elementary  event. 

This  leads  immediately  to  the  Hooge  equation  and  to  the  Hooge  parameter  an. 

**Accepted  for  publication  in  Physical  Review  B. 


EXTENSION  OF  THE  HOOGE  EQUATION  AND  OF  THE  H006E  PARAMETER  CONCEPT* 
by  A.  van  der  Ziel  and  A.  D.  van  Rheenen 


Abstract 


The  Hooge  equation  is  extended  to  the  case  where  the  noise  spectrum  is  of 
the  form  1/f^  with  y  slightly  different  from  unity.  This  leads  to  a 
generalization  of  the  Hooge  parameter  that  corrects  an  earlier  ambiguity. 

*  Accepted  for  publication  in  Solid-State  Electronics. 


GENERATION-RECOMBINATION-TYPE  1/f  NOISE  IN  n-i-p  DIODES**" 
by  A.  van  der  Ziel,  L.  He,  A.  D.  van  Rheenen,  and  P.  Fang 


Abstract 


It  is  shown  for  p-i-n  diodes,  in  which  the  current  flow  is  by  hole-electron 
pair  generation  and  (or)  recombination,  that  the  1/f^  noise  is  due  to 
generation-recombination  processes  involving  traps  and  (or)  recombination 
centers  and  that  the  spectrum  may  be  written  as  ST(f)  =  I where 
is  the  Hooge  parameter,  e  the  electron  charge,  |l|  the  absolute  current,  x  the 
time  constant  associated  with  the  pair  generation  and  pair  recombination 
process,  f  the  frequency  and  y  is  the  exponent  of  the  spectrum.  This  is  studied 
experimentally  and  the  Hooge  parameters  of  various  devices  are  determined. 

**Accepted  for  publication  in  Solid-State  Electronics. 


1/f  NOISE  IN  DOUBLE  HETEROJUNCTION  ^ 

AlGaAs-GaAs  LASER  DIODES  ON  GaAs  AND  ON  Si  SUBSTRATES 

by  R.  Z.  Fang,  A.  C.  Young,  A.  van  der  Ziel, 

A.  D.  van  Rheenen,  and  J.  P.  van  der  Ziel 


Abstract 


1/f  noise  measurements  at  forward  bias  are  reported  on  double  heterojunction 
AlGaAs-GaAs  laser  diodes  fabricated  on  GaAs  and  on  Si  substrates.  The  noise 
spectrum  is  of  the  form  1/f^  with  0  close  to  unity.  Sj(f)/I  is  roughly 
independent  of  current  for  I  <  1mA  and  decreases  with  increasing  current  for 
I  >  1mA.  This  means  that  the  Hooge  equation  is  valid  for  I  <  1mA  with  constant 
oh/t,  whereas  decreases  with  increasing  current  for  I  >  1  mA.  Here  is 
the  Hooge  parameter  and  t  the  carrier  lifetime. 

The  values  of  oh/t  for  devices  on  a  Si-substrate  (#1  and  #3)  are  20-5U  times 
larger  than  for  devices  on  a  GaAs  substrate  (#5,6,  and  7);  this  is  attributed  to 
the  fact  that  the  diodes  on  a  Si-substrate  have  a  much  larger  dislocation 
density  than  the  diodes  on  a  GaAs  substrate.  The  current  dependence  of  oh/t  is 
a  high  injection  effect.  For  I  <<  1mA  the  carrier  density  in  the  active  region 
is  equal  to  the  equilibrium  density  Nq,  and  an  =  ano  ^nd  t  =  tq  =  2x10"^  s  are 
constants;  for  I  >>  1mA  there  is  high  injection  so  that  N  >>  Nq.  oh  and  x  now 
decrease  with  increasing  I,  and  the  data  require  that  aw  decreases  faster  than  x. 
The  diodes  with  a  silicon  substrate  have  ano  “  (2. 5-5.0)  xlO"^  for  I  <  1mA;  this 
value  for  on  is  probably  accidental  and  does  not  indicate  Hooge  type  1/f  noise. 


*  To  be  submitted  to  Journal  of  Applied  Physics. 


